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FIELD OF INVENTION 

This invention relates to switching circuits and, in particular, to increasing the 
speed of a switching circuit incorporating one or more transistors. 

10 BACKGROUND 

Fig. 1 illustrates a conventional differential amplifier including transistors Q12 
and Q 14 and a current source I 0 . Differential inputs applied to the transistors cause the 
output voltages V G and V 0 to assume high and low states. It is desirable for the 
differential amplifier to have a fast switching speed and large bandwidth. 

A capacitor C is shown coupled to the emitters of the transistors. This capacitor 
may be parasitic, caused by line capacitance, collector-base capacitance of L, base-emitter 
capacitance of Q12 and Q14, or may be a capacitance intentionally added to the circuit to 
increase switching speed as described below. 

Fig. 2 A illustrates the current flowing through resistor Rl when the switching 
signal into transistor Q12 goes high at time Tl . The transient in-rush current is due to the 
current flowing into the capacitor C in accordance with the equation 



Fig. 2B illustrates the corresponding output voltage during the switching time. 
Fig. 3 A illustrates the voltage levels of the differential input signals in and in . 

25 Fig. 3B illustrates the output voltages in response to the switching signals of Fig. 

3 A without any capacitor C coupled to the emitters or in an ideal environment. Note the 
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switching delay of the output voltages with respect to the input signals. This is due to the 
switching delays of the transistors. 



Fig. 3C illustrates the output voltages when the capacitor C is coupled to the 
emitters of the transistors. Note that the output voltage, when going high, has a faster 
5 response time as compared to the output voltage when going low. When the output 

voltage goes from low to high, meaning that its associated transistor is turning off due to 
the switching signal, the fixed current source I 0 draws some current from the capacitor C, 
causing less current to flow through the transistors. This reduction in current through the 
resistors Rl and R2 causes the output voltage to rise more quickly. When the output 
10 voltage goes low (such as shown in Fig. 2B), a transient in-rush current through the 

associated resistor and switching transistor charges capacitor C and initially distorts the 
output voltage signal until a steady state condition occurs. This distortion is undesirable 
in applications such as amplifiers where the signal quality is important. The distortion of 
the falling output signal gets worse when the switching speed of the circuit is increased. 

1 5 What is needed is an improvement to a switching circuit where increasing 

switching speed does not result in significant distortion of the output signal. 

SUMMARY 

An isolation resistor is inserted in series between a current source and the emitters 
of the switching transistors in a differential amplifier. The in-rush current through the 
20 resistor, due to a parasitic or added capacitance, creates a certain increased voltage drop 
across the resistor, reducing dv/dt across the capacitor and thus reducing the transient in- 
rush current into the capacitor. This results in reduced waveform distortion. 

Such an isolation resistor for any transistor (e.g., bipolar or MOSFET) and current 
source may be used in various applications. 

25 In another embodiment, an isolation resistor is coupled between two emitters in a 

differential pair of bipolar switching transistors to isolate the effects of each transistor's 
base/emitter capacitance during switching by reducing the transient current flowing from 
one switching transistor to the other switching transistor. Each transistor is coupled to its 
own current source, with a separate isolation resistor in series between the current source 

30 and the emitter of the switching transistor. 



-2- 



The result is a faster switching circuit with less distortion than the prior art 
circuits. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a prior art differential pair of bipolar transistors with an added or 
5 parasitic capacitor coupled to the emitters of the transistors. 

Figs. 2 A and 2B are the current and output voltage waveforms, respectively, of 
the switching circuit of Fig. 1 . 

Fig. 3 A is a waveform of the differential input signals applied to the circuit of Fig. 

1. 

10 Fig. 3B is a waveform of the differential output voltages without any capacitor in 

the circuit of Fig. 1. 

Fig. 3C is a waveform of the differential output voltages where the capacitor C is 
included in the circuit of Fig. 1 . 

Fig. 4 illustrates one embodiment of the present invention, with an isolation 
1 5 resistor formed between the emitters of the differential pair and the current source. 

Fig. 5 is a waveform of the differential output voltages of the circuit of Fig. 4, 
showing increased switching speed and less distortion as compared to the waveform of 
Fig. 3C. 

Fig. 6 is a schematic diagram of an emitter follower circuit using the isolation 
20 resistor to reduce distortion in the output signal. 

Fig. 7 illustrates the use of the isolation resistor in a differential pair, in 
conjunction with emitter followers, where the isolation resistor is coupled between the 
emitters of the switching transistors. 

DETAILED DESCRIPTION 

25 Fig. 4 is a schematic diagram of a differential amplifier switching circuit identical 

to that of Fig. 1 except with an isolation resistor Rj so in series between the common 
emitters of the transistors and the current source I 0 . The isolation resistor is not a 
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parasitic resistance of the conductor but is an intentional resistance of a desired value 
preferably optimized to reduce the distortion in the output voltage to an acceptable level 
without an unacceptable voltage drop across the resistor. Such a resistor may be formed 
by a diffused region, by a thin film, or by any other technique. 

5 When either of the transistors Q12 or Q14 turn on, there will be an in-rush current 

into the capacitor C that is determined by C * — . The voltage drop across the isolation 

dt 

resistor during this transient current reduces the dv/dt across the capacitor by an amount 
proportional to i e R is0 . Accordingly, the voltage drop across Ri S0 will depend on the speed 
of switching. Therefore, the effect of Rj so is particular beneficial at high switching 
10 speeds. 

Fig. 5 is a waveform of the differential output voltage signals, showing 
approximately the same increased switching speed as the prior art circuit of Fig. 1 when 
the output voltage goes from low to high, due to the effects of the capacitor C, but with 
much less distortion in the output signal when the output signal goes from high to low. 

1 5 The value of Ri so in one embodiment is typically selected to be in the range of 

lOOmF 2Q0mV _ . , 

— < Riso < — . In one embodiment, the capacitor value is the parasitic 

Io Io 

capacitance, whose value is dependent on the circuit layout and process parameters. 
There is no relationship between the isolation resistor and the capacitance seen at the 
emitter. The total capacitance seen at the emitter is the metal line capacitance, base- 
20 emitter capacitance, and the capacitance at the collector of the current source transistor. 

Fig. 6 is a schematic diagram of an emitter follower circuit with transistor Q16, 
current source I 0 , and isolation resistor R iso in series between the emitter of Q16 and the 
current source. The isolation resistor R iso reduces the dv/dt and thus decreases the in-rush 
current into the capacitor and ringing at the output. This reduces the output signal 
25 distortion and could significantly improve the speed. 

To offset a quiescent voltage drop across the isolation resistor in the various 
embodiments, operating voltages and/or component values in the circuit, such as resistor 
values and I 0 , may need to be adjusted as necessary. 
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Fig. 7 illustrates a differential amplifier with its outputs coupled to emitter 
followers. Isolation resistors R iso l, Ri S0 2, Ri so 3, and R iso 4 are shown, which function as 
described above with respect to Figs. 4 and 6. Additionally, an isolation resistor R iso 5 is 
inserted between the emitters of the differential pair to isolate the effects of each 
transistor's base-emitter capacitance during switching by reducing the transient current 
flowing from one switching transistor to the other switching transistor. The circuit 
designer determines the value for R iso 5 based on the requirements of the differential 
amplifier because R is0 5 affects the gain of the differential amplifier. R iso 5 will set the 
gain of the differential amplifier and will assist the reduction of the transient current 
flowing from one switching transistor to the other switching transistor. Since the emitters 
are isolated, each transistor of the differential pair has its own current source. 

The isolation resistor should be located in close proximity to the switching 
transistors in order to have the greatest effect on reducing waveform distortion caused by 
the capacitive transient currents. 

1 5 The isolation resistor may be applied to other forms of differential pairs including 

those using MOSFETs instead of bipolar transistors. Depending upon the configuration, 
the MOSFETs may be NMOS types or PMOS types. Additionally, depending upon the 
configuration, the NPN bipolar transistors may be PNP bipolar transistors, with the 
emitters connected to a voltage supply through a current source and the isolation resistor. 

20 Having described the invention in detail, those skilled in the art will appreciate 

that, given the present disclosure, modifications may be made to the invention without 
departing from the spirit of the inventive concepts described herein. Therefore, it is not 
intended that the scope of the invention be limited to the specific embodiment illustrated 
and described. 
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